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Description 

This invention relates to water-soluble microcapsules. More particularly, this invenUon^eJIates^^water- 
solu ble m icrocapsules which are. stably retained in a con cent rated aqueous solution containing an lagen|? 
rucfi^asif^ solution. " T 

Numerous proposals have been made to date concerning the microcapsulation of enzymes. One of the 
methods so far proposed effects the microcapsulation of an enzyme by dispersing the enzyme and swelling 
particles in a liquid binder and spray drying the resultant dispersion (Japanese Patent Publication SHO 46- 
(1971)-42S94). The microcapsules produced by this method provide necessary protection for the enzyme 
so long as they are in a dry state. In water, they are dissolved to release the enzyme into the water. 
Another method effects the microcapsulation of an enzyme by dissolving the enzyme and an inorganic salt 
in a water-soluble liquid binder and spray drying the resultant solution (Japanese Patent Publication SHO 
50(1975)-22506). The microcapsules obtained by this method protect the enzyme while in a dry state and 
dissolve in water to release the enzyme. A granular enzyme preparation proposed for use in a detergent is 
provided with a coating layer made of modified cellulose which is insoluble in water while in a neutral or 
acidic state and soluble in water while in an alkaline state (Japanese Patent Publication SHO 61(1986)- 
44471). All these conventional products are intended to contain an enzyme stably in a dry state therein and 
to be incorporated in a detergent similarly in a dry state. None of these prior techniques contemplates 
incorporating an enzyme in systems such as liquid detergent which contain water. 

Inventions directed to effecting incorporation of detergent aids other than enzymes as contained in 
microcapsules have also been disclosed. 

For example, a composition taught by one of these inventions is obtained by a process which 
comprises coating a cationic agent as with dextrin thereby forming microcapsules sensitive to water and 
incorporating the microcapsules in an anhydrous anionic shampoo (Japanese Patent Public Disclosure SHO 
50 (1975)-3105). In this case, since the microcapsules by nature release their contents on contact with 
water, the shampoo intended to incorporate these microcapsules is required to be in an anhydrous state. 
Microcapsules which are coated with a special copolymer insoluble in an alkaline water and soluble in a 
neutral or acidic water are also disclosed (Japanese Patent Public Disclosure SHO 61 (1986)-28440 and 
SHO 61(1986-28441. In the specifications of these inventions, it is stated that when the microcapsules are 
produced by using a fabric softener or other similar laundry aid as a core material, they can be used for 
incorporation in detergents. In this case, the microcapsules are intended to permit the fabric softener 
contained therein to be released therefrom in consequence of changes of the pH value of the laundering 
liquid at the stages of washing, dehydrating, and rinsing during the course of laundering. Many of the 
conventional enzyme-containing microcapsules are adapted to encapsulate various enzymes with semiper- 
meable membranes for the purpose of immobilizing the enzymes (Japanese Patent Public Disclosure SHO 
52(1977)-3890. SHO 55(1 980)-44387, SHO 60(1 985)-1 10330 and SHO 60(1985}-75326). These micro- 
capsules are all insoluble in water. Furthermore microcapsules are known which are insoluble in liquid 
detergents but soluble in diluted detergents (GB-A-1 390 503). However, these microcapsules are not well 
suited for incorporating and preserving enzymes in liquid detergents. 

Many proposals have been made in the field of medical preparations, such as intestinaliy soluble 
microcapsules (Japanese Patent Public Disclosure SHO 58(1 983)-5541 3 and SHO 58(1983)-67616) and 
microcapsules adapted for gradual release of their contents (Japanese Patent Public Disclosure SHO 58- 
(1983)-53110 and SHO 60(1985)-100516). 

An object of this invention is to provide water-soluble microcapsules which are insoluble in a 
concentrated aqueous solution such as a liquid detergent and are retained stable therein. Said micro- 
capsules enable a material, which would be degenerated or prevented from producing an expected effect 
when incorporated directly in concentrated aqueous solution, to be incorporated therein. 
To be specific, this invention is directed to water-soluble microcapsules comprising: 
a core material of hydrophilic substance which comprises at least one enzyme and a water-containing 
polyhydroxy compound; and 

a coating material of at least one merr^e/ selected from the group consisting of polyvinyl alcohol and 
modified polyvinyl alcohol having an average degree of polymerization in the range of 200 to 3000 and a 
saponification ratio of not less than 90%. 

The water-soluble microcapsules of this invention which contain an enzyme as the core material, in a 
concentrated aqueous solution containing a surfactant such as, for example, a liquid detergent or a 
shampoo, is stably retained therein without being dispersed therein. When they are thrown in water, the 
polyvinyl alcohol coat thereof is dissolved in the water and the enzyme is dispersed in the water in a state 
retaining the activity thereof intact. 
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Nov/, the water-soluble microcapsules of the present invention will be described in detail below. 
Coating material 

5 The coating material for the microcapsules constitutes one of the most important requirements for the 

present invention. 

To be specific, the polyvinyl alcohol which is used as the coating substance for microcapsules in this 
invention possesses (i) an average degree of polymerization in the range of 200 to 3,000, preferably 500 to 
2,400 and (ii)"a saponification ratio of not less than 90%, preferably not less than 95%. 

70 If the degree of polymerization is unduly high, the polyvinyl alcohol exhibits a viscosity so high as to 

render the handling thereof difficult during the manufacture of microcapsules. If the saponification ratio is 
unduly low, the microcapsules offer insufficient stability during storage in a water-containing solution. When 
the microcapsules using a polyvinyl alcohol having a saponification ratio of less than 90% are incorporated 
in a concentrated aqueous solution, they fail to manifest the required effect because the coat thereof is 

75 dissolved or swelled and degenerated. 

Any of the modified polyvinyl alcohols can be used as the coating material. Concrete examples of such 
modified polyvinyl alcohols which are advantageously usable in this invention include cation modified 
polyvinyl alcohols obtained by the treatment with dimethyl aminopropyl acrylamide and methyl chloride, for 
example, alkyl modified polyvinyl alcohols obtained by the treatment with vinyl versatate (VEOVA), for 

20 example, acid modified polyvinyl alcohols obtained by the treatment with acrylic acid, itaconic acid, for 
example, and acetacetylated modified polyvinyl alcohols using diketenes, for example. 

Treatment with cross-linking agent 

25 Generally, the dissolution rate of a given polyvinyl alcohol in water depends on the degree of 

polymerization and the saponification ratio of the polyvinyl alcohol. The dissolution rate of microcapsule in 
water, therefore, can be controlled by suitably selecting a polyvinyl alcohol which possesses/a proper 
degree of polymerization and saponification rat^ The control can also be attained by treating the polyvinyl 
alcohol with a cross-linking agent. 

30 Where a modified polyvinyl alcohol is used as the coating material, there are some cases where the 

modified polyvinyl alcohol may be treated with a cross-linking agent in order for the coat of the produced 
microcapsules to retain suitable strength. 

Examples of the cross-linking agent usable for the treatment include boric acid ._and. boric acid 
derivatives (such as sodium borate and ethyl borate), aldehyde compounds (such fas ^giyoxai; di aldehyde,-.. 

35 anff^starph), and diepoxides (such as butadiene diepoxide). f 

However, since enzymes are not stable against aldehydes and epoxides and, on exposure thereto, may 
be inactivated in the encapsulation of an enzyme it is desirable to use boric acid or a derivative thereof as 
the cross-linking agent. 

The treatment with a cross-linking agent can be effected by establishing direct contact of microcapsules 
40 with a liquid having the cross-linking agent dissolved or dispersed therein or by bringing the cross-linking 
agent into contact with a 'solution of polyvinyl alcohol thereby forming the coat of microcapsules.: 

Though the amount of the cross-linking agent in the coat is not specifically restricted, it is generally 
adjusted so as to fall in the range of 0.1 to 10% by weight, based on the amount of the polyvinyl alcohol as 
the coating material. 

45 

Hydrophilic substance (core material) 

The hydrophilic substance destined to constitute the core material in the water-soluble microcapsules 
comprises at least one enzyme and a water-containing polyhydroxy compound. The hydrophilic substance 
so preferably possesses a water content in the range of 5 to 40% by weight based on the core material. 

— r 

(Enzymes and supporting substances) 

Now, the encapsulation of enzymes will be described below. 
55 Since enzymes are generally in a powdery form, they are not independently encapsulated but are 

preferably coated in a form dissolved or dispersed in a water-containing polyhydroxy compound. 

The selection of a particular enzyme for the encapsulation is carried out in specific consideration of the 
purpose for which the microcapsules are used. Where the microcapsules are intended for incorporation in a 
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liquid detergent, for example, it is proper to select one enzyme or a mixture of two or more enzymes from 
the group of enzymes cited below as examples exhibiting activity under neutral or alkaline conditions and 
contributing to enhancing the deterging power. 

Proteases produced by the strains of Bacillus licheniformis, Bacillus subtilis. Bacillus firmus. Bacillus sp. 
FERM. BP-93 (Japanese Patent Public Disclosure SHO 58(1 983)- 134990), and Bacillus alcalophlus; 
Amylases produced by the strains of Bacillus subtilis, Bacillus licheniformis. and Aspergillus oryzae; 
Lipases produced by the strains of Mucor lipolyticus. Candida cylindracea, Pseudomonus nitroreducens, 
Pseudomonus fragi, Chromobacterium viscosum, and Rhizopus delemer and lipases separated from the 
spleens of pigs and other similar animals; 

Cellulases or hemicellulases produced by the strains of Bacillus pasteuri, Trichoderma viride, and Aspergil- 
lus niger; and 

Egg white Jysozy me and lysozymes produced by the strains such as of Bacillus subtilis. 

^^^^t^ir^ntaining polyhydroxy compound to be used in dissolving or dispersing the enzyme acts as 
a supporting %ubsta^^ enhancing the stability of enzyme 

during' storage. The polyhydroxy compound of the foregoing description is a compound having 2 to 6 
carbon atoms and containing at least two hydroxyl groups or a polymer of the compound. Examples of this 
compound include polyols and oligomers thereof, sugars, polysaccharides and glycosides. 

.As2^hc/ete ex^ < :om I^ u Il^ tn ?r e : P^J?® cited ethylerm glycjoJL 

buta^^^blT^lSco^e; fmrtoser^orbltol, dieThylene glycol, triethyiene giycol,' polyethylene glycol. 
diDroDylehe.qlycol; low molecular weight polyethylene-polypropylene glycol, low molecular weight polyvinyl 
alcohol,, dextrin, pectin, aigihic^aad, gum arabic.and. sapomc_acic|. Among^ottw^mppunas^c^d^aDoye. 
etrr^eTre^y^ ojjycol;. gly cerinTpoly etfiy le^^y&iraifKl" 1 ioVmoie'cula^^ polyvinyT alcohol^ 

prove "^B^'paWcu^'a^'^sirabl^. One member or a mixture of two or members selected from the group of 
compounds cited above may bemused. 

Though the mixing ratio of the enzyme and the polyhydroxy compound is not necessarily defined 
strictly, the amount of the polyhydroxy compound generally falls in the range of 2 to 50 parts by weight, 
preferably 5 to 35 parts by weight, based on 1 part by weight of the enzyme. / 

There are cases where the. salt of an alkaline earth metal such. as calcium or magnesium proves to be 
effective in enhancing the stability of the encapsulated enzyme during the storage thereof. Optionally, this 
salt may be added to the polyhydroxy compound. For example, the salt of a water-soluble or at least 
partially water-soluble alkaline earth metal such as calcium acetate, calcium chloride, calcium nitrate, 
magnesium acetate, magnesium chloride, or magnesium nitrate can be used. Though the effect of the 
alkaline earth metal salt in the stabilization of the enzyme is variable with the kind of the enzyme in actual 
use, the amount of the alkaline earth metal salt is desired to equal or exceed 5 ppm, based on the amount 
of the enzyme principle contained in the microcapsules. 

In the stabilization of the enzyme, the addition of an antioxidant such as, for example, ascorbic acid or a 
derivative thereof and a protective colloid-forming substance such as, for example, amino acid, polypeptide 
or a derivative thereof, or gum is effective. This additive is suitably used when necessary. 

Further, the enzyme possesses a stable pH range of its own. For the purpose of retaining the pH value 
of the contents of the microcapsules within the stable pH range of the enzyme, a salt capable of producing-, 
the action of buffer may be added to suit the occasion. . - -. 

Method of encapsulation 

The encapsulation can be carried out by any of the conventional methods now in actual use. Now, the 
main methods available for this purpose will be described below. 

1) A method which forms microcapsules by preparing a water-containing solution of a hydrophilic 
■ substance, a supporting substance, and a polyvinyl alcohol substance and bringing this solution into 
contact with a cross-linking agent or bringing such substances into contact with a dehydrating agent such 
as alcohol or heating the resultant mixture under a vacuum thereby allowing the polyvinyl alcohol to form 
a coat. In this case, the polyvinyl alcohojjsubstance is desired to be thoroughly dissolved in the aqueous 
solution. The water content of this aqueous solution is desired not to exceed 70% by weight, preferably 
to fall in the range of 60 to 15% by weight. The polyvinyl alcohol content of the aqueous solution is in 
the range of 3 to 17% by weight, preferably 5 to 12% by weight. 

In the encapsulation of an enzyme such as protease, for example, this enzyme and optionally a 
stabilizer such as a calcium salt are dissolved, in conjunction with the polyvinyl alcohol, in a mixture of a 
polyhydroxy compound such as propylene glycol with water. 

The water-containing solution of the aforementioned hydrophilic substance and polyvinyl alcohol can 
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be encapsulated, for example, by any of the following methods. 

f i) A method which produces microcapsules by causing the aforementioned solution to fall in the form 
• of minute drops at room temperature into water and/or alcohol (such as ethanol, ethylene glycol, 
^ propylene glycol, glycerin, or polypropylene glycol) which has a crosslinking agent such as boric acid 
s \ dissolved therein advance. 

ii) A method which produces microcapsules by causing the aforementioned solution to be dispersed 
in the form of minute drops in a hydrophobic solvent (such as benzene, hexane, or liquid paraffin) and 
heating the resultant dispersion at a temperature approximately in the range of 30* to 85* under a 
vacuum to expel water. 

70 iii) A method which produces microcapsules by dissolving the cross-linking agent in a solvent which 

fails to mix intimately with water and possesses a hydrophilic group (such as a higher alcohol) and 
causing the aforementioned solution to be dispersed in the resultant mixed solvent in the form of 
minute drops. 

iv) A method which produces microcapsules by spraying the aforementioned solution with a spray- 
75 drier. 

2. A method which effects production of microcapsules by bringing polyvinyl alcohol or modified 
polyvinyl alcohol from outside into contact with a water-containing supporting substance having a 
hydrophilic substance and a cross-linking agent dissolved in advance therein and dehydrating the 
resultant mixture as with dry air. 
20 To be specific, this method is embodied by causing the water-containing supporting substance 

having the hydrophilic substances and the cross-linking agent dissolved therein to be spouted out of the 
central orifice of a two-wall coaxial circular nozzle of a spray-drier and, at the same time, causing an 
aqueous 15% polyvinyl alcohol or modified polyvinyl alcohol solution to be spouted out of the peripheral 
orifice of the same circular nozzle. 
25 3. A method which effects the encapsulation by dissolving or dispersing a hydrophilic substance in a 
supporting substance which fails to show flowability in a dry state, causing the resultant mixture to form 
substantially spherical minute drops, and applying an aqueous polyvinyl alcohol or modified/polyvinyl 
alcohol solution on the minute drops. v 

This method will be described more specifically below. In a supporting substance such as, for 
30 example, polyethylene glycol or polyethylene glycol-polypropylene glycol copolymer which exhibits no 
flowability in a dry state, assumes flowability in a hydrous state, and possesses a melting point in the 
range of 35* to 80* C, the hydrophilic substance and the cross-linking agent are dissolved or dispersed. 
Then, the resultant solution or suspension is spray dried at a temperature in the range of 35* to 80 * C, 
preferably 43* to 60' C to produce substantially spherical minute drops. Subsequently, the minute drops 
35 are coated with an aqueous 2 to 10% by weight of polyvinyl alcohol solution by the air-suspension 
coating method (with a device produced by Coating Place Inc. and marketed under the trademark 
"Wurster Coating Chamber" or a device produced by Fuji Powder K. K. and marketed under the 
trademark "New Marumerizer NQ"). The microcapsules consequently obtained are dispersed in pro- 
pylene glycol containing 10 to 15% of water and then left standing at room temperature for two or three 
40 days. At-the end of the standing, the water content within the -microcapsules nearby equals that of the 
propylene glycol. . .- . 

By any of the methods described above, the microcapsules are obtained in a wetted state or fluid state 
wherein the hydrophilic core substances contains 5 to 40% by weight, preferably 10 to 20% by weight, of 
water. The average particle diameter of the microcapsules is desired to fall in the range of 20 to 1,000 urn, 
45 preferably 30 to 800 urn and most preferably 50 to 500 urn. 

The water-soluble microcapsules of this invention can be usefully applied as an enzyme preparation in 
dish washer liquid, hard-surface cleaner, shampoo and other water-containing liquid and gel type detergents 
for household, institutional and industrial use, and as an enzyme preparation in liquid gargle and toothpaste. 
The water-soluble microcapsules of the invention can be effectively used in cases where, as discussed 
so above, an auxiliary agent is apt to be deactivated or degraded during long-term contact with the main 
ingredients of a formulated product. Thuj^sjpong demand for the microcapsules can be anticipated. 

The microcapsules of the present invention are stably preserved for a long time in a concentrated 
aqueous solution of a surfactant, a monohydric or polyhydric alcohol, and/or a water-soluble inorganic salt 
having a water content in the range of 5 to 60% by weight, preferably 20 to 50% by weight. Since the core 
55 material and the coating material of these microcapsules are hydrophilic or soluble in water, the micro- 
capsules are quickly dissolved when they are thrown in water (a liquid having a water content of not less 
than 90%). 

The microcapsules of the present invention are not dissolved in a water-containing composition such as. 
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for example, liquid detergent or shampoo and are retained stably for a long time therein. When they are 
thrown into water, however, they are readily dissolved to release their contents into the surrounding water. 

While the conventional enzyme-containing liquid detergents require restriction on the use of anionic 
surfactants and cationic surfactants because these surfactants inactivate the enzyme, the detergent 
5 composition using the microcapsules of this invention permits incorporation therein of any of the surfactants 
which are usable for ordinary detergents. 

Examples of the anionic surfactant include linear sodium alkylbenzene sulfonates (alkyl: Cio - Cie) 
(LAS), sodium a-olefin sulfonates (olefin: Cg - C22) (AOS), sodium alkyl sulfates (alkyl: C2 - C17) (AS), 
sodium poiyoxyethylene alkyl ether sulfates (alkyl: Cg - C17; EOP = 1-20) (AES), sodium salt of 2-sulfo- 
70 fatty ester (fatty acid: Cn - C17, alcohol: Ci - Cs) (SFE), sodium secondary alkane-sulfonates (alkane: C12 - 
Cis) (SAS), soaps (fatty acid: C12 - Ci 8 ). and sodium alkyl phosphates (alkyl: C9 -Cw). 

Examples of the nonionic surfactant include poiyoxyethylene alkyl ethers (alkyl: Cs - C17, EOF = 4 - 
20) (AE) and poiyoxyethylene alkylphenyl ethers (alkyl: C& - C12. EOT 5 : 4 = 20) (APE). 

Examples of the cationic surfactant include cetyl trimethyl ammonium chloride, stearyl dimethyl 
75 benzene ammonium chloride, and distearyl dimethyl ammonium chloride. Examples of the amphoteric 
surfactant include lauryl betaine and stearyl betaine. 

In the production of a liquid detergent containing water-soluble microcapsules of this invention 
containing an enzyme, this detergent has a basic composition as shown below. 



20 


Enzyme-containing microcapsules 
(water-soluble microcapsules of this invention 


0.01 to 10% (by weight) 




Surfactant and others 


3 to 70% (by weight) 




Water 


5 to 60% (by weight) 



25 

The enzyme-containing microcapsules to be incorporated in the detergent are not limited to only one 
type. It has been heretofore difficult to mix several types of enzymes in a system such as a liquid detergent 
which contains water. In accordance with this invention, even when protease, amylase, and other enzymes 
are severally contained in microcapsules and the several types of microcapsules are incorporated altogether 
30 in one detergent, they can be retained in a highly stable state during the course of storage of the detergent. 

The detergent composition having water-soluble microcapsules of the present invention may incorporate 
therein, in addition to the aforementioned basic composition and as occasion demands, builders, propylene 
glycol, ethanol, fluorescent dye, and citric acid which are generally used in detergents as a whole. 

Now, the present invention will be described more specifically below with reference to working 
35 examples and comparative experiments. 
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EXAMPLE 1 

A solution-containing a mixture consisting of the following components was prepared. 



Protease (API-21) crude powder (activity 105 nkat/mg) ■ - - ■ < 

Calcium acetate 
Propylene glycol 

Polyvinyl alcohol (degree of polymerization 2,000 and saponification ratio 95%) 
Distilled water 




This solution was passed through a filter. The resultant filtrate was added dropwise through a small 
nozzle into a saturated aqueous solution of boric acid, to give rise to microcapsules according with this 
invention. The microcapsules had diameters approximately in the range of 150 to 800 urn and a water p 
content of about 32% by weight. The microcapsules wore separated by filtration and stored in propylene 1 
glycol containing 25% of water. Then, a liquid detergent composition of the following formula including the ) 
propylene glycol having the aforementioned microcapsules dispersed therein was prepared. ^ 
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Composition 


% by weight 




Sodium polyoxyethylene alkyl ether sulfate (Cta-is, EOF = 15) 


15 




Polyoxyethylene alky! ether (C12-15. EOF = 10) 


18 


5 


Carboxymethyl cellulose 


1 




Polyethylene glycol (MW 6,000) 


1 




Ethanol 


10 




Sodium citrate dihydrate 


8 




Dispersion of microcapsules in propylene glycol (average protease activity 4,000 nkat/ml) 


5 


10 


Distilled water 


42 



COMPARATIVE EXPERIMENT 1 

Protease (API-21) and calcium acetate were dissolved in propylene glycol containing 25% of water to 
prepare a solution having a protease activity of 4,000 nkat/ml and a calcium ion content of 50 mM. A 
composition of entirely the same formula as the liquid detergent of Example 1 was produced, except that 
the solution obtained as described above was used in the place of the dispersion of microcapsules in 
propylene glycol. 

The liquid detergent compositions of Example 1 and Comparative Experiment 1 were left standing at 
38* C (100* F) for 10 weeks and. at the end of the standing, tested for enzyme activity. The residual ratio of 
activity was 80 to 85% in the case of the composition of Example 1 incorporating microcapsules and less 
than 3% (detectable limit) in the case of the composition of Comparative Experiment 1 incorporating 
propylene glycol solution of protease. 

EXAMPLE 2 

/ 

Solutions A, B and C of the following formulas were prepared by using commercially available lipase 
separated from porcine spleen (possessing lipase activity of 5,000 U/g, produced .by Amano Pharmaceutical 
Co., Ltd. and marketed under the trademark "Pancreation TA"), amylase (possessing an activity of 220,000 
U/g, produced by Yamato Chemical Co., Ltd. and marketed under the trademark "Kleistase M20"), and 
protease (possessing an activity of 600,000 PU/g, produced by Yamato Chemical Co., Ltd. and marketed 
under the trademark "Protin AS"). 



Composition 


A 


B 


C 


Lipase 


5 






Amylase 




5 




Protease 






8 


Calcium acetate 


0.7 


0.9 


0.5 


Propylene glycol 


45 


45 


50 


Polyvinyl alcohol (degree of polymerization 1 ,500 and saponification ratio 97%) 


6 


5 


6 


Distilled water 


43.3 


44.1 


35.5 



Then, the solutions A, B and C were severally added dropwise through a small nozzle into a saturated 
aqueous solution of boric acid containing 50% of ethanol,' to give- rise to microcapsules according with the 
present invention. The microcapsules had diameters in the range of 150 to 500 urn and a water content in 
the range of 35 to 40%. These microcapsules were given the same treatment as in Example 1 and then 
preserved in propylene glycol containing 25% of water (dispersions of microcapsules). 

Subsequently, liquid detergent comRgsjtions of the following formula severally incorporating the afore- 
mentioned three types of microcapsules were prepared. 
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Composition 


% by weight 




Sodium polyoxyethylene alkyl ether sulfate (Cw-is. EOF = 5) 


10 




Polyoxyethylene alkyl ether (C13-15, EOF = 12) 


25 


5 


Sodium salt of coconut fatty acid 


5 




Carboxymethyl cellulose 


1 




Lipase microcapsules-propylene dispersion (average lipase activity 1 00 U/ml) 


3 




Amylase microcapsules-propylene dispersion (average amylase activity 3,300 U/ml) 


3 




Protease microcapsules-propylene dispersion (average protease activity, 1,800 nkat/ml) 


10 


70 


Diethylene glycol 


7 




Distilled water 


36 



75 



25 



COMPARATIVE EXPERIMENT 2 

A propylene glycol solution having an average lipase activity of 100 U/ml t a propylene glycol solution 
having an average amylase activity of 3,300 U/ml, and a propylene glycol solution having an average 
protease activity of 1 ,800 nkat/ml were prepared by dissolving lipase crude powder, amylase crude powder, 
and protease crude powder respectively in propylene glycol (containing 25% of water) containing 60 mM of 
calcium ion. Compositions corresponding to the detergent compositions A, B and C of Example 2 were 
produced by following the procedure of Example 2, except that the propylene glycol solutions mentioned 
above were used instead of the dispersion of microcapsules. 

The liquid detergent compositions of Example 2 and Comparative Experiment 2 were left standing at 
38 *C (100*F) for 8 weeks and, at the end of the standing, tested for residual ratio of enzyme activity. 
Consequently, the residual ratios of activity were found to be 75 to 80% for lipase, 80 to 85% for amylase, 
and 60 to 85% for protease in the case of the compositions of Example 2 incorporating microcapsules and 
they were invariably less than 3% (detectable Irmit) in the case of the compositions of Comparative 
Experiment 2 incorporating the enzymes in the form of propylene glycol solutions. 



30 



EXAMPLE 3 



35 



40 



A solution containing a mixture consisting of the following components including alkali protease 
(produced by Sigma Corp. and marketed under product code of "P 5380°) was prepared. 



Alkali protease 

Magnesium chloride 

Calcium chloride 

sodium ascorbic monophosphate 

Propylene glycol 

Polyvinyl alcohol (degree of polymerization 1 ,000 and saponification ratio 99%) 
Distilled water 




50 



The protease solution thus obtained was added dropwise into a propylene glycol water mixed solution 
saturated with boric acid, to give rise to microcapsules (having average particle diameters of 1 00 to 500 urn 
and a water content of about ,40%) according with the present invention. The microcapsules were separated 
by filtration and preserved in propylene glycol containing 25% of water. 

Then, a gel-like detergent composition of the following formula including the propylene glycol having 
the microcapsules dispersed therein was prepared. 



55 
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Composition 



% by weight 



10 



Sodium salt of polyoxyethylene aikyl ether sulfuric acid (Cia-is and EOF = 5) 

Polyoxyethylene alkyl ether (Ci 3 -*s and EOF = 10) 

Sodium stearate 

Sodium citrate di hydrate 

Carboxymethyl cellulose 

Polyethylene glycol (MW 1 ,000) 

Dispersion of microcapsules in propylene glycol (average protease activity 1 ,600 nkat/ml) 
Propylene glycol 
Distilled water 



8 
25 

3 
10 

1 

3 
10 
14 
16 



75 



20 



25 



COMPARATIVE EXPERIMENT 3 

A propylene glycol solution (having a water content of 25%) containing 1,600 nkat/ml of alkali protease 
(produced by Sigma Corp. and marketed under product code of n P 5380"). 0.3% of calcium chloride, 0.8% 
of magnesium chloride, and 0.4% of sodium ascorbic monophosphate was prepared. A composition having 
entirely the same formula as the gel-like detergent of Example 3 was produced by following the procedure 
of Example 3, except that the propylene glycol solution mentioned above was used instead of the 
dispersion of microcapsules in propylene glycol. 

The gel-like detergent compositions of Example 3 and Comparative Experiment 3 were left standing at 
38 *C (100' F) for 10 weeks and, at the end of the standing, tested for residual ratio of enzyme activity. 
Consequently, the residual ratio of activity was found to be 90 to 95% in the case of the detergent 
composition of Example 3 incorporating therein microcapsules and less than 3% (detectable limit) in the 
case of the detergent composition of Comparative Experiment 3 incorporating the dispersion of protease in 
propylene glycol. \ 



/ 
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EXAMPLE 4 

Solutions D and E of the following formulas were prepared by using amylase (possessing an activity of 
220,000 U/g, produced by Yamato Chemical Co., Ltd, and marketed under the trademark "Kleistase TU 
20") and protease (possessing an activity of 500,000 PU/g, produced by Yamato Chemical Co., Ltd. and 
marketed under the trademark "Thermoase PS"). 



Composition 


% by weight 


D 


E 


Amylase 


. 5 




Protease - . - . , . — 




5 


Calcium acetate 


0.5 


0.5 


* Magnesium acetate*" 


0.5 


0.5 


Dtethylene glycol 


45 


45 


Polyvinyl alcohol (degree of polymerization 2,000 and saponification ratio 97%) 


5 


5 


Distilled water 


44 


44 



50 



Then, the solutions D and E were severally added dropwise through a small nozzle into a saturated 
aqueous boric acid solution containing 10% of ethanol and 20% of ethylene glycol, to give rise to 
microcapsules (having particle diameters in the range of 100 to 400 urn and a water content of about 40%). 
The microcapsules were separated by fiftTStlon and preserved in propylene glycol containing 25% of water. 

Subsequently, a tableware grade detergent composition of the following formula including the aforemen- 
tioned microcapsules was prepared. 



55 
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Composition 


% by 




weight 


Sodium dodecyl sulfate 


20 


Alcohol ethoxylate <Ci 3 -is and EOF = 10 mols) 


20 


Carboxymethyl cellulose 


1 


Dispersion of microcapsules containing amylase (average amylase activity 3.000 U/ml) 


6 


Dispersion of microcapsules containing protease (average protease activity of 1,500 nkat/ml) 


6 


Distilled water 


47 



75 



25 



COMPARATIVE EXPERIMENT 4 

A propylene glycol solution having an average amylase activity of 3,000 U/ml and a propylene glycol 
solution having an average protease activity of 1,500 nkat/ml were prepared by dissolving the same 
amylase crude powder as used in Example 4 and the some protease crude powder as used in Example 4 in 
propylene glycol (having a water content of 25%) containing 50 mM of calcium ion. Tableware grade 
detergent compositions were produced by following the procedure of Example 4, except that the propylene 
glycol solutions mentioned above were used in the place of the dispersions of the microcapsules containing 
amylase and protease. 

The detergent compositions of Example 4 and Comparative Experiment 5 were left standing at 38 "C 
(100* F) for 10 weeks and, at the end of the standing, tested for residual ratio of enzyme activity. 
Consequently, the residual ratios were found to be 90 to 95% for both amylase and protease in the case of 
the detergent compositions of Example 4 incorporating therein microcapsules and less than 3% (detectable 
limit) in the case of the detergent compositions of Comparative Experiment 4 incorporating the enzymes in 
the form of propylene glycol solutions. 



/ 



EXAMPLE 5 
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A solution A of the following formula was prepared by using amylase (possessing an activity of 220,000 
U/g, produced by Yamato Chemical Co., Ltd. and marketed under the trademark "Kleistate TU 20"). 



35 



Composition of Solution A 


% by weight 


Amylase 


5.5 


Calcium acetate 


1.5 


Sodium borate 


3.0 


Polypropylene glycol (average molecular weight 1 ,000) 


16.0 


Propylene glycol 


49.5 


Polyethylene glycol (average molecular weight 600) 


12.0 


Distilled water 


12.5 



45 



50 



55 



Separately, a solution B of the following formula including polyvinyl alcohol was prepared. 



Composition of Solution B 



Polyvinyl alcohol (degree of polymerization 600 and saponification ratio 97%) 
Polyvinyl alcohol (degree of polymerization 1,500 and saponification ratio'97%) 
Distilled water 



% by weight 



5 
6 
89 





By the use of a spray-drier provided with a two-wall coaxial nozzle, the solution A was spouted through 
the central orifice of the nozzle and the solution B through the peripheral orifice of the nozzle at the same 
time, to give rise to microcapsules according with the present invention. The microcapsules had diameters 
in the range of 80 to 200 am. The microcapsules were then dispersed in a propylene glycol containing 15% 
of water and left standing therein for 24 hours and, at the end of the standing, separated therefrom by 
filtration. They were found to have a water content of about 11%. 
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EXAMPLE 6 

A mixed solution of the following formula was prepared by using protease (possessing an activity of 
500,000 PU/g, produced by Yamato Chemical Co., Ltd. and marketed under the trademark "Thermoase 
PS"). 



Composition 


% by weight 


Protease 


7.2 


Calcium acetate 


1.8 


Magnesium acetate 


0.6 


Borax 


18.1 


Polyethylene glycol (average molecular weight 5,000) 


72.3 



The polyethylene glycol was a product in the form of flakes and the other components were in the form 
of microfine particles not more than 10 um in size. The mixture was dissolved by heating at about 65 *C 
and converted into minute beads 50 to 120 um in size by the use of a spray cooling device (produced by 
Ogawara Manufactory). 

The minute beads were coated with an aqueous 3% polyvinyl alcohol (degree of polymerization of 
1,500 and saponification ratio not less than 97%) solution with a flow dry coating device (produced by Fuji 
Powder Co., Ltd. and marketed under the trademark "New Marumerizer NQ"), for encapsulation. The inlet 
temperature of dry air was 35* C and the flow rate of the dry air was adjusted to the highest level at which 
the dry air in motion would not scatter the minute beads. The increase of weight by the encapsulation was 
about 15%. The microcapsules thus produced were left standing in propylene glycol containing 10% of 
water at room temperature for 2 days and, at the end of the standing, separated therefrom by filtration. 
They were found to have a water content of about 8%. 

/ 

COMPARATIVE EXPERIMENT 6 

Microcapsules were produced by following the procedure of Example 6, except that polyvinyl alcohol 
possessing a degree of polymerization of 1 ,500 and a saponification ratio of 85% was used instead. In 
propylene glycol containing 10% of water or in a liquid detergent (having a water content of about 40%), 
these microcapsules were dissolved after 2 days' standing. In contrast, the microcapsules produced in 
Example 6 showed no sign of dissolution even after one montIVs standing under the same conditions. 

Claims 

1. Water-soluble microcapsules comprising : 

a core material of hydrophilic substance which comprises at least one enzyme and a water- 
containing polyti'ydro^ 

a coating material of at least one member selected from the group consisting of polyvinyl alcohol 
and modified polyvinyl alcohol having an average degree of polymerization in the range of 200 to 3000 
. and a saponification ratio of not less than 90 %. 

2. Water-soluble microcapsules as claimed in claim 1, in which said polyvinyl alcohol and modified 
polyvinyl alcohols have been treated with a cross-linking agent. 



3. Water-soluble microcapsules as claimed in claim 1 and 2, in which said hydrophilic substance as a 
core material possesses a water content in the range of 5 to 40 % by weight. 

4. Water-soluble microcapsules according to any of the claims 1 to 3, in which the amount of said 
polyhydroxy compound is 2 to 50 times that of said enzyme by weight. 

5. Water-soluble microcapsules according to any of the claims 1 to 4, in which said polyhydroxy 
compound is at least one member selected from the group consisting of compounds possessing 2 to 6 
carbon atoms and containing two or more hydroxy! groups and low polymers of said compounds. 

Revendicatlons 
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1. Micro-capsules solubles dans Teau comprenant : 

un produit d'ame constitue d'une substance hydrophile se composant d*au moins une enzyme et 
d'un compost polyhydroxy contenant de I'eau ; et 

un produit d'enrobage constitue d'au moins un element choisi dans le groupe constitue d'alcool 
polyvinylique et d'alcools polyvinyliques modifies ayant un degre moyen de polymerisation dans 
r interval I e de 200 a 3000 et un rapport de saponification qui n'est pas inferieur a 90 %. 

2. Micro-capsules solubles dans Teau selon la revendication 1 dans lesquelles ledit alcool polyvinylique et 
lesdits alcools polyvinyliques modifies ont et6 traites avec un agent de reticulation. 

3. Micro-capsules solubles dans I'eau selon les revendications 1 et 2, dans lesquelles ladite substance 
hydrophilique comme produit d'ame possede une teneur en eau comprise dans I'intervalle de 5 a 40 % 
en poids. 

4. Micro-capsules solubles dans I'eau selon Tune quelconque des revendications 1 a 3, dans lesquelles la 
quantite dudit compose polyhydroxy est de 2 a 50 fois celle dudit enzyme en poids. 

5. Micro-capsules solubles dans I'eau selon Tune quelconque des revendications 1 a 4, dans lesquelles 
ledit compost polyhydroxy est au moins un £l§ment choisi dans le groupe constitue des composes 
possedant 2 a 6 atomes de carbone et contenant 2 ou plus groupements hydroxyle et des polymeres 
inferieurs desdits composes. 

PatentansprUche 

1. Wasserlosliche Mikrokapsein, welche enthalten: 

ein Kernmaterial aus einer hydrophilen Substanz, die mindestens ein Enzym und eine wassarhaltige 
Polyhydroxyverbindung enthalt; und 

ein Uberzugsmaterial aus mindestens einer Substanz, die aus der. aus Polyvinylalkohol und modifizier- 
tem Polyvinylalkohol mit einem durchschnittlichen Polymerisationsgrad in dem Bereich von 200 bis 
3000 und einem Verseifungsverhaltnis von nicht weniger als 90 % bestehenden Gruppe ausgewahlt ist, 

2. Wasserlosliche Mikrokapsein nach Anspruch 1, wobei der Polyvinylalkohol und die modifizierten 
Polyvinylalkohole mit einem Vernetzungsmittel behandelt worden sind. 

3. Wasserlosliche Mikrokapsein nach Anspruch 1 und 2, wobei die hydrophile Substanz als Kernmaterial 
einen Wassergehalt in dem Bereich von 5 bis 40 Gew.-% besitzt. 

4. Wasserlosliche Mikrokapsein nach einem der Anspruche 1 bis 3, wobei die Gewichtsmenge der 
Polyhydroxyverbindung das 2-bis 50-fache der Gewichtsmenge des Enzyms ist. 

5. Wasserlosliche Mikrokapsein nach einem der Anspruche 1 bis 4, wobei die Polyhydroxyverbindung 
mindestens' eine Substanz ist, die aus der Gruppe der 2 bis 6 Kohlenstoffatome aufweisenden und zwei 
oder mehr Hydroxylgruppen enthaltenden Verbindungen und niedrigen Polymeren dieser Verbindungen 
ausgewahlt ist. 



